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Summary. Ethylnitrosourea (ENU), a well known DNA 
alkylating agent, induces anomalies in the central 
nervous system (CNS), craniofacial tissues and male 
reproductive organs. I n  this study, pregnant rats were 
treated with 60 mg/kg ENU at day 13 of gestation, and 
their fetuses were examined from 1 to 48 hours after 
treatment (HAT) to find a clue for  clarifying the 
mechanisms of the ENU fetotoxicity and teratogenicity. 
From 3 to 12 HAT, the moderate to marked increase in 
the number of pyknotic cells was detected in the fetal 
CNS, craniofacial mesenchymal tissues, gonads and so 
on. These pyknotic cells had nuclei positively stained by 
the TUNEL method, which is widely used for the 
detection of apoptotic nuclei, and they also showed 
electron microscopic characteristics identical to those of 
apoptotic cells. The present results strongly suggest that 
excess cell death by apoptosis in the fetal CNS, 
craniofacial tissues and gonads may have a close relation 
to the later occurrence of anomalies reported in these 
tissues following ENU-administration. 
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Introduction 
Ethylnitrosourea (ENU), a well known DNA 
alkylating agent, is one of the powerful carcinogens and 
has been given to thousands of carcinogenic 
experiments. ENU is also known as a teratogen, and it 
induces anomalies in the central nervous system (CNS) 
(Druckrey et al., 1967; Pfaffenroth et al., 1974; Bosch, 
1977a; Hallas and Das, 1978, 1979), craniofacial tissues, 
limbs and male reproductive organs (Druckrey et al., 
1967; Ohnishi, 1989; Nagao et al., 1996). These ENU- 
induced anomalies are also reported in the whole embryo 
culture (Ohnishi, 1989; Faustman et al., 1989). However, 
except for several reports indicating that ENU causes 
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death and growth arrest in the neuroepithelial cells of the 
fetuses (Bosch, 1977b; Fujiwara, 1980; Oyanagi et al., 
1988, 1998), there are only a few reports concerning the 
mechanisms of ENU-induced fetotoxicity and 
teratogenicity. 
This  study was carried out to find a clue for 
clarifying the mechanisms of ENU-induced fetotoxicity 
and teratogenicity. 
All procedures including animals were performed in 
accordance with the protocol approved by the Animal 
Care and Use Committee of Graduate School of 
Agricultural and Life Sciences, the University of 
Tokyo. 
Materials and methods 
Animals 
Thirty-nine pregnant Jcl:F344 rats were obtained 
from Saitama Experimental Animal Co., Saitama, Japan. 
They were kept under controlled conditions 
(temperature, 2322 *C; relative humidity, 5525%) using 
an isolator caging system and were fed commercial 
pellets (MF, Oriental Yeast Co., Tokyo, Japan) and water 
ad libiturn. 
Chemical 
N-Nitroso-N-Ethylurea (ENU) (Sigma, St. Louis, 
MO) was dissolved in 2 mM sodium citrate buffer 
(pH4.5) immediately before the treatment, and the 
concentration was adjusted to 10 mg/ml. 
Treatments 
Thirty pregnant rats were injected with 60 mg/kg of 
ENU intraperitoneally (i.p.) at day 13 of gestation, and 
five dams were sacrificed by heart puncture under ether 
anesthesia at 1, 3, 6, 12, 24 and 48 hours after treatment 
(HAT), respectively. The nine remaining pregnant rats 
were injected i.p. with citrate buffer alone at day 13 of 
gestation, and three dams were sacrificed in the same 
way at 3, 12 and 48 HAT, respectively. 




